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FIGURE 2 
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DEVICE FOR THE CONTROLLED INFUSION 
OF LIQUID FORMULATIONS IN TISSUES 

AND ORGANS IN CELLULAR 
THERAPEUTIC PROCEDURES 

FIELD OF THE INVENTION 

0001. The present invention relates to a device for the 
controlled infusion of liquid formulations, especially formu 
lations comprising cells, directly into tissues or organs, to be 
used in cellular therapeutic procedures related to ischemic or 
non-ischemic diseases or lesions of the heart, brain, upper and 
lower limbs, spinal cord or any other organ or tissue. 

BACKGROUND OF THE INVENTION 

0002 The researches using stem cells have increased a lot 
in the last years. The cellular therapy is no longer an exclusive 
treatment for hematologic diseases. Nowadays, several dis 
eases, mainly of ischemic etiology, are being treated with 
stem cells (stroke, coronary disease, among others Tse, H-F. 
et al. (2007); Steinhoff, G. et al. (2006); Ting, A. E. et al. 
(2008); Guan, K. e Hasenfuss, G. (2007): Aversa, P. et al. 
(2007); Haider, H. Kh. e Ashraf, M. (2005); Laflamme, M.A. 
(2007); Losordo, D. W. e Renault, M.A. (2007); Garbuzova 
Davis, S. et al. (2002); Garbuzova-Davis, S. et al. (2003); 
Saporta, S. et al. (2003); Garbuzova-Davis, S. et al. (2005); 
Garbuzova-Davis, S. et al. (2006); Chen, J. et al. (2001); 
Sanchez-Ramos, J. R. et al. (2001); Zigova, T. et al. (2002); 
Willing, A. E. et al. (2003); Henning, R. J. et al. (2004); 
Vendrame, M. et al. (2004); Garbuzova-Davis, S. et al. 
(2005); Newman, M. B. et al. (2005); Vendrame, M. et al. 
(2005); Newcomb, J. D. et al. (2006); Newman, M. B. et al. 
(2006); Vendrame, M. et al. (2006); Li, Y. e Chopp, M. 
(2009). 
0003. The significant growth of the cellular therapy 
allowed the identification of a need for development of medi 
cal products (devices—systems and products) to make easier 
the administration of cellular solutions, mainly for Cardiac 
Cellular Therapy, to facilitate the procedure and make it safer 
and widely available. 
0004. The cellular therapy, for at least 10 years, has been 
studied as an alternative for treatment of ischemic etiology 
diseases. In the cardiology area, the results obtained in clini 
cal trials in the last years are promising Orlic D. etal. (2001); 
Lunde, K. etal. (2006); Schachinger, V. et al. (2004); Schach 
inger, V. et al. (2006); Schachinger, V. et al. (2006); Chen, S. 
L. (2004); Meyer, G. Petal. (2006); Janssens, S. et al. (2006): 
Strauer, B.E. etal. (2002); Bartunek, J. etal. (2005); Kang, H. 
J. etal. (2006); Li, Z.A. etal. (2007); Assmus, B. et al. (2002); 
Ge. J. et al. (2006); Meluzin, J. et al. (2006); Hossne et al. 
(2009) and enable the transfer of this kind of procedure for 
medical practice. Considering only a Subgroup of the 
ischemic cardiovascular disease, chronic coronary disease, it 
is estimated that about 100,000 patients per year in Brazil 
could benefit from the cellular therapy Ministry of Health, 
Brazilian Government (2005). 
0005. The equipments and devices for cellular therapy in 
ischemic cardiovascular disease are very recent and most are 
still in testing phase. Modern equipments still have several 
limitations in the use of medical practice. For instance, the 
electromechanical mapping system and cells infusion 
(NOGAR) U.S. Pat. No. 5,738,096 and patent application 
US 2007/0059288) that performs the intra-myocardial infu 
sion via catheter Beeres, SLMA et al. (2006); Losordo, D.W. 
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etal. (2007); Van Ramshorst, J. etal. (2009); Perin, E. C. etal. 
(2003); Fuchs, S. et al. (2003); Fuchs, S. et al. (2006): Tse, 
H-F. et al. (2006): Tse, H-F. et al. (2003); Tse, H-F. et al. 
(2007), presenting physical limitations of access to ischemic 
areas due to the caliber and the ability to flex the catheter, 
aortic diameter and anatomy of the left ventricle. These fac 
tors reduce the infusion accuracy and limit the access of some 
left ventricle areas. In addition, the endomyocardium is tra 
becular difficulting the intramyocardium infusion, since the 
needle could be introduced in the intermuscular spaces and 
the cells released into the blood. 

0006. The stem cells infusion in tissues and organs also 
could be performed by Syringes. In this case, the cellular 
Suspension would be longer in contact with the air, until all 
the syringes needed for the procedure are fulfilled. Further 
more, it is not possible to precise the injected Volume (paral 
lax effect) and the needle insertion depth and liquid infusion 
speed may vary according the manipulator Henring, R. J. et 
al. (2007). 
0007. Within this context, the present invention relates to 
an infusion device of liquid formulations for cellular therapy. 

SUMMARY OF THE INVENTION 

0008. The infusion device of the present invention aims to 
facilitate and Standardize the cellular therapy, ensuring the 
accuracy and reproducibility of the cellular Suspension infu 
sion or any kind of liquid comprising cells (suspended cells in 
suitable liquids to the proposed procedure, as solutions com 
prising different salt concentrations, biological molecules, 
different cell types, culture media, etc.) in predetermined 
Volumes, speeds, and injection depths, directly in desired 
locations into tissues or organs in clinical, Surgical or mini 
mally invasive cellular therapy procedures. 
0009. The infusion device of the present invention may 
comply with the Therapeutic Good Clinical Practice protocol, 
and then, to assure the reproducibility in the conversion of the 
pre-clinical and clinical data and results, in an accurate and 
controlled way to patients once it is approved. The infusion 
device of the present invention is unique as it helps cellular 
and regenerative scientific medicine and clinical trials to 
accurately adhere to GMP (Good Manufacturing Practices) 
and GCP (Good Clinical Practices). 
0010. The use of the device of the present invention 
assures better results in clinical outcomes and benefits to the 
treated patients. This system permits an exact dosage deter 
mination, and reproducibility of this dosage during the treat 
ment. 

0011. The infusion device of the present invention com 
prises an automatic dispenser connected to a reservoir, which 
contains the cellular Suspension or any kind of liquid com 
prising cells to be infused. One end of the reservoir, prefer 
ably its bottom, is connected to a duct, preferably made of 
vinyl, which presents in the opposite end a system consisting 
of a grip wing/handle connected to a needle comprising a 
depth insertion control device. 
0012. The duct presence allows greater flexibility and 
mobility to the system, which become a huge advantage when 
the system is used in Surgical procedures; to allow the infu 
sion in difficult access areas. The duct absence makes the 
things easier in body Surface procedures, where the stability 
of the system is more important than its malleability. This 
variation makes the infusion system described here be effec 
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tive in both clinical and Surgical procedures, with minimal 
variations in their presentation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 The structure and operation of the present invention, 
as well as its advantages may be better understood by the 
attached drawings, in which: 
0014 FIG. 1: represents a perspective view of an infusion 
device according to the present invention; 
0015 FIG. 2: represents a perspective view of an infusion 
device according the present invention, showing the auto 
matic dispenser connected with a reservoir, and 
0016 FIG. 3: represents a perspective view of an infusion 
device according the present invention, showing the reservoir 
and the duct having a system consisting of agrip wing/handle 
connected to a needle comprising a depth insertion control 
device. 

DETAILED DESCRIPTION OF THE INVENTION 

0017 Although the present invention may encompass dif 
ferent embodiments, preferred embodiments of the invention 
are described in the specification and drawings. Such pre 
ferred embodiments illustrated and described herein do not 
limit the scope of the present invention. 
0018. In prior art systems, the infusion process is carried 
out manually, using several apparatus, from different sources 
and types, and the accuracy of the infused Volume, speed and 
depth of injection may easily vary between different users. 
This represents risks and often leads to unsuccessful or incon 
sistent pre-clinical, clinical ortherapeutic results, as well as in 
discordance with the results of clinical trials or previous 
procedures. In compliance with previous clinical trial results 
or proceedings, it is a very important issue for a scientific 
laboratory finding to be converted to the clinical setting. In 
addition, proceeding is tried in a number of individuals larger 
than the test group; even in the test group, it is difficult to 
evaluate whether or not there have been variations in speed, 
location, amount of cells or liquid Volume and depth of the 
needle injection, which also represents risk. 
0019. Thus, by providing the controlled infusion of pre 
determined Volumes at pre-determined speed and depth, the 
present invention assures reproducibility of clinically proven 
mean Volumes, speed and depth. 
0020. This reproducibility property of the present inven 
tion related with the dispensed infusion Volume, speed and 
depth, ensures the accuracy and specificity of liquid perfu 
sion; increasing process accuracy and compliance with the 
GCP. 

0021 Moreover, the infusion device of the present inven 
tion ensures the accuracy and reproducibility of the clinical 
therapeutic results, by providing the infusion of cellular Sus 
pensions or any kind of liquid comprising cells in pre-deter 
mined Volumes, speeds, and injection depths, directly in 
desired, or pre-determined locations clinically proven, in tis 
Sues or organs affected by ischemic or non-ischemic diseases, 
in clinical, Surgical or minimally invasive medical proce 
dures. The reproducibility of the processes allows a short 
time spent in clinical-Surgical procedures when compared to 
the usual clinical practice. The time spent in the infusion 
procedure is significantly reduced, consequently the risks are 
reduced and the clinical benefits are increased. 

0022. Furthermore, the infusion device of the present 
invention also allows the procedure be performed with mini 
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mum contact of the liquid to be infused with the environment, 
thus reducing the risk of microbiologic contamination. 
0023. In addition, in another embodiment of the present 
invention, the infusion device may comprises the addition of 
an imaging system apparatus that allows an even better accu 
racy and control, by providing the user with a series of images 
of the organ or tissue, in which the formulation will be 
infused, during the pre-infused, per-infused and post-infused. 
The imaging device comprises, preferably, a micro-camera 
coupled to the infusion device, preferably, in the grip wing/ 
handle. 

0024 FIG. 1 shows an embodiment of the infusion device 
of the present invention. According to the preferred embodi 
ment of the present invention, it comprises an automatic 
dispenser (1), an automatic pipette which provides an auto 
matic Suction and dispensing control of the liquid to be 
infused. The automatic dispenser is connected to a reservoir 
(2), preferably made of plastic, preferably fully sterile, which 
contains the liquid to be infused. One end of the reservoir, 
preferably its bottom (2) is connected to a duct (3) or directly 
to a needle. The duct is preferably made of transparent latex 
free PVC with 5 to 50 cm of length, which comprises in the 
opposite end a system consisting of a grip wing/handle (4) 
connected to a needle (6) preferably having a caliber between 
19-27 gauges (0.91 mm to 0.36 mm), comprising a depth 
insertion control device (5), which limits the insertion in 0, 1 
to 1 cm depth. 
0025. The automatic dispenser (1), as seen in FIG. 1, has 
buttons (not shown) that enable the set up of parameters that 
control the infusion volume and speed. The Volume set up is 
quite simple and may be viewed on a crystal display (not 
shown). 
0026. There are at least three different speeds for piston 
displacement: slow, medium and fast, which may be chosen 
by using the buttons at the top of automatic dispenser (1) and 
may be viewed on the display. The suction speed of the liquid 
may be different from the dispensing speed; having the same 
dispensing speed variations. The Volume to be injected may 
also be set up by the user, and the range of accuracy will vary 
with the volume of the reservoir (2) to be used. 
0027 Preferably, the liquid formulation is carried to the 
Surgical center in a closed recipient, which is only opened in 
the Surgical environment. The liquid formulation is then aspi 
rated by the automatic dispenser (1). The automatic dispenser 
will preferably automatically recognize the total volume 
capacity of the connected reservoir. Once the liquid formula 
tion is within the reservoir (2), it will no longer be in contact 
with the air. In another embodiment of the present invention, 
the reservoir (2) may be filled with the liquid formulation or 
liquid before being sent to the Surgical setting, after its prepa 
ration. 
0028. The control of the number of infusions or injections 

is done by the automatic dispenser (1), which automatically 
calculates the total number of injections available once con 
nected to the reservoir (2) and setting up the predetermined 
Volume of each infusion. At each infusion made, the auto 
matic dispenser (1) decreases the total number of available 
infusions, and this information is automatically shown on the 
display allowing the user to monitor the number of infusions. 
For example, if a reservoir (2) with a capacity of 25 ml is 
connected to the automatic dispenser (1) and the user sets up 
an infusion Volume of 1 ml, the dispenser will automatically 
recognize that there are 25 infusions available. At each infu 
sion made, this number is reduced on the display. 
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0029 FIG. 2 shows a schematic drawing of the automatic 
dispenser (1) connected to the reservoir (2). The automatic 
dispenser (1) comprises a manual dosing device controlled by 
a microprocessorpowered by batteries (not shown). The auto 
matic dispenser (1) has electronic adjustments of the dis 
pensed volumes, identifying the total doses available for the 
Volume of the liquid aspired. The liquid aspired only comes 
into contact with the reservoir (2), having no contact with the 
electronic apparatus. The accuracy of the automatic dispenser 
(1) will vary with the volume of the reservoir (2) that is being 
used. 
0030. In a preferred embodiment, the reservoir (2) is ster 

ile and packed individually. The Sterile packaging containing 
the reservoir (2) is only opened in the Surgical or outpatient 
center a few minutes before the infusion. The reservoir (2) is 
connected to the automatic dispenser (1). Subsequently, the 
dispenser (1) automatically recognizes the capacity of the 
reservoir (2) connected. Finally, the user presses a button in 
the dispenser (1) to aspire the liquid to be infused from its 
recipient to the reservoir (2). 
0031 FIG. 3 shows the reservoir (2) connected by its 
bottom end to a duct (3). The duct (3) comprises in the 
opposite end a system consisting of a grip wing/handle (4) 
connected to a needle (6), comprising a depth insertion con 
trol device (5), limiting the insertion into a depth of 0, 1 cm to 
1 cm, preferably a depth of 0.5 cm (the infusion depth may 
vary according to the procedure characteristic). 
0032. In another embodiment of the present invention, the 
reservoir (2) connected by its bottom end to a duct (3) may be 
supplied as a refill filled insterile conditions with the liquid to 
be infused (this filling may occur in the processing lab, imme 
diately after the preparation of the liquid). In the Surgical or 
outpatient center, at the moment of the Surgical, clinical or 
minimally invasive cellular therapy procedure, the user sim 
ply needs to connect the filled reservoir to the automatic 
dispenser (1) and set up the parameters according to the 
desired type of infusion procedure and the device is ready to 
be used. 
0033. In a further embodiment of the present invention, a 
biocompatible mesh (not shown) may be used to assist the 
infusion procedure, showing the user the exact location of the 
infusion and determining the correct distances among the 
points of infusion. 
0034. In a further embodiment of the present invention, an 
image system (not shown) may be used to assist the user in 
taking images (pictures) of the infusion procedure, allowing a 
detailed report of the pre, per or post infusion procedure. 
0035. The infusion device of the present invention ensures 
higher safety, accuracy and simplicity handling in the infu 
sion of cellular Suspension or any kind of liquid comprising 
cells, directly to tissues and organs, during clinical, Surgical 
or minimally invasive procedures. 
0036 Moreover, the infusion device of the present inven 
tion also ensures the control of the partial volumes and/or the 
total Volumes injected, and may also assist the user in show 
ing the number of infusions or injections available in the 
system. In addition, it ensures that the infusions or injections 
will be done in the specific points in the tissues or organs. 
0037. Furthermore, with the infusion device of the present 
invention, it is possible to ensure the traceability, reproduc 
ibility and robustness of medical, clinical and Surgical proce 
dures, which comprises steps of liquid formulations infusion 
in tissues or organs with the therapeutic or diagnostic pur 
pose. 
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0038. The reproducibility is guaranteed by the electronic 
system of the automatic dispenser (1) in which all the param 
eters used are determined by the pre-established procedures. 
0039. If necessary, adjustments may be made to the 
present invention. These include the addition of accessories; 
the addition of other substances to the duct and/or to the 
reservoir; the use of different materials to produce the various 
components of the device; the addition of RNA free compo 
nents and/or any other adjustments that may be required 
depending on specific characteristics of the infusion proce 
dure and/or the liquid formulation to be infused. 
0040. The infusion device of the present invention has 
advantages over the clinical or Surgical infusion procedures 
commonly used (syringes), especially when the liquid infu 
sion need to be injected directly in areas of difficult access of 
target tissues or organs. The device enables greater flexibility 
than a syringe, allowing the infusion in areas of difficult 
access. Moreover, the device ensures that the liquid to be 
infused will be administered in a simple way in a predeter 
mined Volume, by a simple press of a button. 
0041 Furthermore, the infusion device of the present 
invention allows the standardization of the procedure, since it 
guarantees the depth and the speed of the infusion, indepen 
dently of who is handling the device. In addition, it ensures a 
faster medical procedure by enabling the user to work in a 
shorter period of time. 
0042. The present invention standardizes and ensures the 
accuracy, precision and reproducibility of the infusion, 
thereby increasing quality and providing better results in cell 
therapy procedures. 
0043 Although a preferred embodiment of the present 
invention is shown and described herein, it must be under 
stood by those experienced in the related art that some modi 
fications may be made without departing from the scope of 
this invention. 
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1. Controlled infusion device for liquid formulations com 
prising cells, to be used in cellular therapeutic procedures, 
characterized in that it comprises an automatic dispenser (1) 
connected to a reservoir (2), which is connected to a duct (3), 
presenting in its opposite end a system consisting of a grip 
wing (4) connected to a needle (6) comprising a depth inser 
tion control device (5). 

2. Controlled infusion device for liquid formulations com 
prising cells, to be used in cellular therapeutic procedures, 
characterized in that it comprises an automatic dispenser (1) 
connected to a reservoir (2), which is directly connected to a 
needle (6). 

3. Device, according to any one of claim 1 or 2, character 
ized in that the automatic dispenser (1) comprises an infusion 
Volume control system, an aspiration and infusion speed con 
trol system and an infusion number control system. 

4. Device, according to claim 3, characterized in that the 
automatic dispenser (1) comprises a system, which permits 
identifying the volume of the reservoir to which such system 
is connected and calculate the number of available infusions 
according to the infusion Volume determined by the user. 

5. Device, according to any one of claim 3 or 4, character 
ized in that the automatic dispenser (1) comprises a display 
for visualizing and monitoring the parameters defined in 
claim 3 or 4. 

6. Device, according to any one of claims 1 to 5, charac 
terized in that the reservoir (2) is made of plastic. 

7. Device, according to any one of claims 1 to 5, charac 
terized in that the duct (3) is made of a malleable material. 

8. Device, according to claim 7, characterized in that the 
duct (3) is made of PVC. 

9. Device, according to any one of claims 1 to 8, charac 
terized in that the duct (3) has a length between 5 and 50 cm. 

10. Device, according to any one of claims 1 to 8, charac 
terized in that the needle (6) has a caliber between 0, 36 mm 
to 0, 91 mm. 

11. Device, according to any one of claims 1 to 8, charac 
terized in that the depth control device (5) allows the insertion 
of the needle (6) into a depth of 0, 1 cm to 1 cm. 

12. Device, according to any one of claims 1 to 11, char 
acterized in that it comprises an image system. 

13. Device, according to claim 12, characterized in that the 
image system is a micro-camera. 

14. Device, according to any one of claim 12 or 13, char 
acterized in that the image system is connected to the grip 
wing (4). 

15. Device, according to any one of claims 1 to 14, char 
acterized in that it comprises a biocompatible mesh, which 
allows the exact location of the infusion. 

16. Device, according to any one of claims 1 to 15, char 
acterized in that it is used specifically for clinical or Surgical 
infusion of liquid formulations comprising cells for the treat 
ment of ischemic and non-ischemic diseases. 
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